Introduction {#Sec1}
============

Cancer is the leading cause of death worldwide (Bray et al. [@CR5]), associated mainly with the lack of precise detection for early diagnosis, and non-availability of tumor specific drug delivery system. Current regular medical cares for cancers include the diagnosis by endoscopy, biopsy, X-ray, and treatment by surgical operation, radiotherapy, and chemotherapy. Moreover, non-targeted diagnosis methods are not sensitive enough to screen the patients with early tumor development, and dose-dependent toxicities and drug-resistance of chemotherapy limit clinical applications. Therefore, the developments of targeted diagnosis and chemotherapy for cancer clinic are the most important approaches to improve the current efficiency of cancer diagnosis and treatment to save lives of patients.

Both molecular imaging and targeted drug delivery need tumor-specific molecular fragments as effective targeting vehicles to deliver imaging probes and chemotherapeutics to tumor sites. People have tried many strategies to construct the approaches and been awaked by many difficulties needed to be considered also, such as the specificity/sensitivity of the structures, extracellular degradation, endocytosis and others. Antibody was the first choice to be used as the targeting element, but its application was limited because of slow binding kinetics, immunogenicity, production costs and nonspecific uptake by liver and reticuloendothelial system (Deutscher [@CR14]). Peptide, a fragment with small sizes, possessing biological activity, is pursued as attractive targeting moieties due to its low immunogenicity, high affinity, rapid tissue penetration, low manufacturing cost and fast clearance from blood circulation, flexible in chemical conjugation and compatible with fluorescence dyes (Li and Cho [@CR45]; Newman and Benoit [@CR61]). Successful examples include transferrin and octreotide that have been used as targeting delivery peptides in colon cancer and some neuroendocrine tumors therapy. Targeting peptides are generally discovered via biopanning of phage display libraries.

Biopanning is well known as a high-throughput peptide screening method that was developed in 1985 (Kugler et al. [@CR34]; Smith [@CR70]) and awarded Nobel Prize for Chemistry in 2018, and has been successfully applied in different biomedical areas including vaccine development, cancer research, drug discovery, epitope mapping, and protein-protein interactions. For phage display libraries, the most commonly used phage vector is the M13 phage, the foreign small peptides can be fused to minor coat protein III (406 residues, 3--5 copies of the peptide) or major coat protein VIII (50 residues, 2700 copies of the peptide). Fused proteins are presented on the surface of phage produced in *Escherichia coli* (*E. coli*). Here, the genotype and phenotype of exogenous peptides are linked by fusing the corresponding gene fragments to the coat proteins without compromising phage infectivity or propagation ability. The technology provides rapid identification of peptide ligands for various target molecules or structures, such as antigens (Lim et al. [@CR51]), antibodies (Hintz et al. [@CR23]), cell surface receptors (Ferreira et al. [@CR17]; Li et al. [@CR43]), biological, inorganic and organic materials (Martins et al. [@CR56]) and even tissues in vivo (Wada et al. [@CR78]). The biopanning procedure is more likely to keep native structure and functional conformation of proteins than purified protein, and requires no previous knowledge of molecular composition at the site of interest. Meanwhile, the peptides obtained by biopanning possess high affinity and specificity on target sites.

In the paper, we will highlight some successful applications of peptides with particular emphasis on molecular imaging, and pharmaceutical targeting therapy.

Biopanning {#Sec2}
==========

The affinity selection using phage display is called biopanning. The biopanning usually consists of four main successive steps: (1) phage-displayed peptides mimicked binding, (2) washing away the non-specifically bound phages, (3) eluting off the specifically bound phages, (4) amplifying the eluted phages, tittering the sub-library and starting a new biopanning round. The process of selection and amplification is normally repeated 3--4 rounds to ensure the enrichment of specifically bound phages (Fig. [1](#Fig1){ref-type="fig"}). Fig. 1Biopanning steps (modified from Kügler et al). (1) mimicked binding phages to targets, (2) washing away unbound phages, (3) eluting off specific bound phages, (4) enriching the specifically bound phages for next round of biopanningIn vitro biopanning is usually chosen for a variety of targets on cell surface or molecules, which includes biopanning on the immobilized molecules (Rahbarnia et al. [@CR63]; Zhao et al. [@CR90]), solution biopanning (Fouladi et al. [@CR18]; Thanongsaksrikul et al. [@CR75]), selection on whole cells (Carneiro et al. [@CR8]; Li et al. [@CR43]; Yeh et al. [@CR84]), reverse biopanning (Ferraro et al. [@CR16]), display of established internalizing peptides (Rangel et al. [@CR64]). Molecules screening by this approach are more likely to keep native conformation, and recognize specific post-translational modifications (Kehoe et al. [@CR26]; Velappan et al. [@CR77]). In addition, neither purification nor prior knowledge of a particular target receptor is required in advance. Although a large variety of receptors can be screened at one time, it is worth noting that the identification is labor-intensive, nonefficient and low throughput, and only a few can be preliminarily identified by co-immunoprecipitation, affinity chromatography, yeast-two-hybrid system, protein mass spectrometry analysis and other complex methods.

In addition to in vitro selection, in vivo biopanning is also a powerful method for identification of targeting ligands homing to a specific tissue or organ. In vivo biopanning can maximumly simulate the living circumstance and improve the binding activity of peptides to specific targets. Briefly, the phage peptide library is administered intravenously to animals and allowed to circulate for few minutes. Subsequently, the animal is sacrificed and phages are recovered from the interested organs or tissues, amplified in *E. coli* and then used in the next biopanning round. A variety of tissue-specific peptides have been identified that bind brain (Acharya et al. [@CR1]), breast (Lu et al. [@CR53]), esophagus (Sturm et al. [@CR72]), etc. However, in vivo biopanning is usually limited by a relatively short circulation half-life, and it has predominately selected peptides binding to tumor vasculature components and not directly to tumor cells. In fact, some peptides are found to recognize not only the surface of tumor cells but also tumor vessels that they may share the similar receptors. Consequently, these peptides may serve additional advantages as excellent candidates for drug delivery and cancer treatment.

Potential Applications of Targeting Peptides {#Sec3}
============================================

Peptides for Tumor Biomarkers {#Sec4}
-----------------------------

Tumor biomarkers are the molecular indicators found in blood, other body fluids, or on tissues that can be interrogated to evaluate disease status and pharmacologic responses to therapeutic interventions. Biomarkers include RNAs (Capula et al. [@CR7]; Funamizu et al. [@CR19]), hormones (Costante and Meringolo [@CR10]; Riccetti et al. [@CR65]), as well as different functional subgroups of proteins such as enzymes (Miao et al. [@CR59]), glycoproteins (Luo et al. [@CR55]), oncofetal antigens (Feng et al. [@CR15]) and receptors. Selected targeting peptides are currently used as biomarkers for some cancers with high incidence (Luna Coronell et al. [@CR54]).

Prostate-specific antigen (PSA) is a crucial biomarker for the diagnosis and monitoring therapy of prostate cancer due to its highly restricted tissue distribution (Armbruster [@CR2]). Investigators isolated and characterized specific PSA peptide mimotopes produced an antibody immune response that recognized the PSA protein, results indicated that the peptide can be developed into a prostate cancer specific biomolecular probe in bioanalysis (Lang et al. [@CR35]). Integrin α11/β1, a marker of aggressive tumors that indirectly stimulate cancer-stromal stiffness and tumor progression, may be an attractive target for anti-cancer therapeutic antibodies. Gallo successfully selected functional antibodies that competed with collagen-I for binding to Integrin α11/β1 to inhibit cell adhesion by in situ antibody phage display (Gallo et al. [@CR20]). CD44, a cancer-associated membrane glycoprotein involved in cell adhesion, tumor progression and drug-resistance, is a potential diagnostic target for cancer detection. A peptide CV-1 (THENWPA) specifically bound to gastric cancer cell surface marker CD44 was selected, identified and demonstrated as a promising probe for early molecular imaging and monitoring CD44v-positive stomach tumors (Zhang et al. [@CR89]).

Pancreatic ductal adenocarcinoma (PDAC) carries an extremely poor prognosis, typically exhibiting severe resistance to existing therapies. Kelly successfully identified membrane-localized plectin-1 as a potential biomarker of PDAC by biopanning and proteomics analysis, which may have clinical utility in the diagnosis and management of PDAC in humans as a targeted imaging agent (Kelly et al. [@CR27]). They also isolated a novel peptide with both high specificity and sensitivity for hepsin, an emerging and potential new prostate cancer biomarker to significantly improve pharmacokinetics and cancer detection (Kelly et al. [@CR28]).

Peptides for Molecular Imaging Diagnosis {#Sec5}
----------------------------------------

Conventional methods for imaging diagnosis include computed tomography (CT), magnetic resonance imaging (MRI), near-infrared imaging (NIRF), positron emission tomography (PET) and single photon emission computed tomography (SPECT) while suited for big sizes or whole body imaging. These methods are limited to monitor more microscopic processes in real time. Hence, more sensitive imaging technologies are needed to diagnose cancers early and specifically. Molecular imaging usually utilizes specific molecular probes targeting unique receptors (molecules) of tumor tissues or other diseased tissues to form the localized pictures of image contrast to facilitate detection or response to therapy as well as to investigate drug efficacy (Deutscher [@CR14]; Li and Cho [@CR46]).

The targeting peptide probe is the key element for the development of molecular imaging. Peptides may offer fundamental advantages over antibodies because of low molecular weight, favorable biodistribution profiles, high uptake in the target and rapid clearance from the bloodstream. Furthermore, peptides can be labeled with the appropriate moieties or conjugated with nanoparticles on demand with the help of sophisticated bio-conjugating or radio-labeling techniques (Lee et al. [@CR39]).

### Radiolabeled Peptides {#Sec6}

The radionuclide-based PET and SPECT imaging are sensitive molecular imaging techniques, and provide enough sensitivity and visualization of interactions between physiological targets and ligands such as disease-related peptide-binding receptors. To develop radiolabeled peptide probes, a targeting peptide should be radiolabeled efficiently with high specific radioactivity and be stable under physiological conditions. The common radionuclides such as ^99m^Tc, ^123^I, ^111^In, ^18^F, ^64^Cu, ^68^Ga for diagnostic use, or ^90^Y and ^177^Lu for therapeutic use have been employed. A number of peptides have been screened, synthesized and radiolabeled to be currently under preclinical or clinical investigation to determine their clinical potential in cancer diagnosis.

Recently, a cysteine-constrained randomized 7-mer library was selected using HER3 as target, and a peptide HER3P1 which bound with high selectivity to HER3 was isolated and labeled with ^68^Ga for PET imaging of HER3-positive tumors, results indicated that HER3P1 has potential utility as a clinical imaging agent (Larimer et al. [@CR37]). Larimer et al. also reported an ^111^In-DOTA labeled ERBB2-targeted SPECT imaging peptide 1-D03 (MEGPSKCCYSLALSH) may serve as a viable candidate for clinical imaging studies of breast carcinoma because of rapid clearance and tumor specificity (Larimer et al. [@CR36]). Furthermore, gastrin-releasing peptide (Ghosh et al. [@CR21]), cholecystokinin-2 (Kossatz et al. [@CR33]), melanocortin-1 (Li et al. [@CR44]), epidermal growth factor (Ulaner et al. [@CR76]), neurotensin (Yin et al. [@CR85]), somatostatin (Liu et al. [@CR52]) and glucagon-like peptide-1 (Stahle et al. [@CR71]) receptors have been successfully applied for early cancer imaging diagnosis.

### Bioluminescent and Fluorescent Labeled Peptides {#Sec7}

Microscopic optical imaging techniques have already been developed for a variety of uses in molecular and cellular biological studies, allowing the rapid visualization, characterization and quantification of biological processes at the cellular and subcellular level within intact living organisms. Compared with other imaging modalities, optical imaging is highly sensitive, non-invasive, real-time and safe detection using available instruments at an acceptable cost (Lee et al. [@CR39]; Licha and Olbrich [@CR50]).

Bioluminescent imaging is a standard optical molecular imaging technique that cells producing bioluminescent proteins such as luciferase and generating intensively light signal at a target region following by the reaction between specific enzyme and appropriate substrate (Deutscher [@CR14]; Khemthongcharoen et al. [@CR30]). Bioluminescent imaging allows quick and easy localization and visualization of biological processes in multiple diseases. Simultaneously, the development of far-red and near-infrared systems enhanced sensitivity and resolution in deep tissue and wide applications (Mezzanotte et al. [@CR58]), such as cancer researches, protein--protein interactions, ligand-receptor interactions, and pharmacokinetic study in animal models. Konkalmatt and colleagues inserted plectin-1 targeting peptide (PTP) specifically bound to pancreatic ductal adenocarcinoma into the loop IV region of the AAV, and then injected intravenously with luciferase receptor vectors packaged in the AAV-PTP capsid to mice, and light output was detected almost exclusively in the tumors with little or no signal from the healthy pancreas, which may open a promising new avenues for the early diagnosis, and treatment of pancreatic cancer (Konkalmatt et al. [@CR32]).

Fluorescent labeled peptide imaging is similar to radiolabeled peptide imaging designation, and is widely used for cancer research and early diagnosis. For instance, bladder cancer is a common disease worldwide with an increasing incidence. The cost of patient from diagnosis to death is almost the highest of all cancers due to varied outcomes, frequent follow-up and scarce diagnostic methods in early stages. Yang et al. successfully isolated and identified a peptide (CSSPIGRHC) with high affinity and specificity targeting to bladder cancer cell BIU-87 by phage display. The peptide synthesized and conjugated with FITC provides a promising diagnostic imaging approach for bladder cancer in humans (Yang et al. [@CR83]). Dysplasia is a pre-malignant status in Barrett's esophagus that is difficult to detect on screening endoscopy because of its flat architecture and patchy distribution. A Cy5.5-labeled 12mer peptide, SRRPASFRTARE specifically binding to Barrett's esophagus was selected, characterized, and reported as a candidate to be developed as a probe for the detection of early esophagus cancer and pre-malignant mucosa (Zhou et al. [@CR91]). By now, fluorescent labeled peptide probes have been successfully used in imaging diagnosis of multiple tumors (Haque et al. [@CR22]; Hou et al. [@CR24]; Jing et al. [@CR25]; Lee et al. [@CR40]; Li et al. [@CR43]; Scodeller et al. [@CR67]; Xing et al. [@CR82]; Zhang et al. [@CR87]).

### Nanoparticles-Based Peptides {#Sec8}

The fast development of nanotechnology provides novel approaches to cancer diagnosis by a targeted, efficient and safe way. Nanoparticles can be used as probes in in vivo imaging, biosensing, and immunostaining because of their unique physical and physiochemical properties. First of all, nanoparticles are small enough and can enter tumor microenvironment using an active transport mechanism through endothelial cells (Sindhwani et al. [@CR69]). Secondly, they have relatively large surface areas to accommodate diverse probe molecules, increase the targeting affinity of individual probe, and are ideal for efficient modification with a variety of targeting and imaging moieties. Thirdly, they exhibit high sensitivity. Many nanoparticles show unique magnetic, optical properties and enable multivalent targeting to one or more biomarkers. Lastly, they can also be engineered as suitable platforms for tumor therapy and diagnosis by prolonging half-lives, enhancing stability, and improving targeting efficiency (Baetke et al. [@CR3]; Chen et al. [@CR9]; Lee et al. [@CR39]). The well-investigated nanoparticles include magnetic nanoparticles, quantum dots, gold nanoparticles, polymeric nanoparticles, upconversion nanoparticles, carbon nanoparticles, silicon nanoparticles, and many others.

Selected peptides have been conjugated to nanoparticles and extensively used to cancer imaging. Carbon nanoparticles have shown potential as contrast agents for photoacoustic imaging of tumors because they offer high spatial resolution and allow deep tissue imaging. Gambhir's group fabricated single-walled carbon nanotubes conjugated with cyclic RGD peptides as targeting contrast agents for non-invasive cancer imaging and allowed the visualization of multiple molecular processes in living subjects (de la Zerda et al. [@CR13]). Polymer nanoparticles possess excellent optical properties, high structural flexibility and photostability, and are considered as good near-infrared photoacoustic probes for in vivo real-time imaging of many diseases (Li et al. [@CR48]). In a study, an atherosclerotic plaque-homing peptide (CRKRLDRNC, termed AP peptide) conjugated with hydrophobically modified glycol chitosan (HGC) nanoparticles showed higher binding affinity to atherosclerotic lesions in a low-density lipoprotein receptor-deficient mouse, results indicated that AP-tagged HGC nanoparticles may be useful for atherosclerotic disease imaging and elucidate pathophysiological changes on atherosclerotic endothelium (Park et al. [@CR62]). Moreover, the nanoprobe of peptide RGDfC conjugated with gold nanoparticles and InP/ZnS quantum dots had excellent tumor targeting dual-mode imaging capabilities, and showed great promise in diagnosis of cancer (Zhang et al. [@CR88]).

Typically, less than 10% of administered nanoparticles can accumulate in the tumor. By now, researchers have made various improvements to solve this problem. Firstly, we can improve physicochemical properties of nanoparticles to reduce or eliminate serum protein adsorption to enhance the tumor accumulation (Lazarovits et al. [@CR38]). Secondly, restoring functionality of the tumor vasculature maybe a possible treatment strategy to improve drug delivery (Wirthl et al. [@CR80]). Lastly, nanomedicines have been extensively combined with immunotherapy to improve treatment efficacy by modulating the tumor immune microenvironment (Saeed et al. [@CR66]; Shi et al. [@CR68]). Nanoparticles combined with tumor-homing peptides can further enhance the targeting ability of nanoparticles and produce more specific imaging information, which may represent a promising and attractive direction for tumor-targeted diagnosis and therapy.

Peptides for Pharmaceutical Targeting Therapy {#Sec9}
---------------------------------------------

Conventional cancer therapies mainly focus on mass cell killing and often cause severe systemic side effects due to non-specific exposure of anticancer drugs to normal tissues. Pharmaceutical targeting therapy is attracting intensive attentions nowadays, which can effectively and specifically target tumor cells and improve the local chemotherapy drug efficacy (Li and Cho [@CR46]). Tumor-homing peptides isolated from phage display libraries can be used as targeting molecules for specific delivery, and it may offer new opportunities for cancer prevention and treatment.

A peptide CSP3 specifically binding to cervical cancer cells was identified, synthesized and conjugated liposomes containing doxorubicin and microRNA101 improved the therapeutic effectiveness of the chemotherapeutic drug by selectively increasing its concentrations in tumors. Therefore, CSP3 peptide may have significant potential in enhancing the clinical efficacy of chemotherapy in cervical cancer (Li et al. [@CR43]; Xiao et al. [@CR81]). Human tumor endothelial cells (TEC) derived from renal carcinomas were injected subcutaneously into severe combined immunodeficiency mice and in vivo biopanning was performed. The identified cyclic peptide BB1, CVGNDNSSC, was capable of specific binding to TEC in vivo and in vitro. Furthermore, conjugation of the peptide to ribosome-inactivating toxin saporin led to a strong apoptotic response in the malignant tissue without impairing other organs such as kidney and liver. The peptide BB1 provides new potential for delivering antitumor agents (Bussolati et al. [@CR6]).

Blood brain barrier (BBB) is formed by tight junctions and plays an effective way to protect the brain from harmful and toxic substances, at the same time, it hampers therapeutical drugs delivery to the central nervous system. To solve the problem of drug delivery across the BBB, the brain specific peptide (TGNYKALHPHNG, Pep TGN) conjugated to the surface of polyethylene glycol-poly (lactic-co-glycolic acid) nanoparticles led to significant higher cellular uptake and in vivo brain accumulation (Li et al. [@CR41]). Subsequently, researchers found intravenous administration of the TGN modified nanoparticles could obviously improve the learning and memory deficits in the mice model of Alzheimer's disease. Pep TGN can facilitate nanoparticles to traverse the BBB from the system circulation and can be applied to drug delivery system homing to the brain for therapy (Li et al. [@CR47]). Li et al. discovered Syp-1 peptide GNKRTRG bound specifically to tumor and endothelial cells of tumor lymphatics could efficiently mediate tumor uptake of liposomal doxorubicin and show enhanced antitumor effects. Syp-1 is a stable and effective tumor targeting ligand and may strongly support the validity of peptide-mediated drug targeting therapy (Li et al. [@CR42]). Kelly et al. designed PTP liposomal AZ7379 (a PARP inhibitor) delivery apparently decreased tumor growth and volume of ovarian cancer, which provides new opportunity to extend the treat efficiency of diseases (Dasa et al. [@CR12]).

Several peptide drugs isolated from phage display are also used widely in the clinic or are in clinical trials. For example, Fuzeon (enfuvirtide), the first peptide inhibitor on the market for HIV treatment (Matthews et al. [@CR57]), was discovered, established and launched in March 2003 through a series of studies by Trimeris and Roche. Goserelin, a peptide suppressing production of luteinizing hormone releasing hormone, had been approved by the Food and Drug Administration for the treatment of the breast and prostate cancer, and some benign gynaecological disorders (D'Amico [@CR11]). DX-890, an inhibitor of human neutrophil elastase, with the potential treatment of pulmonary diseases such as cystic fibrosis and chronic obstructive pulmonary disease, is currently in phase II clinical trials (Wark [@CR79]). Romiplostim, a ligand for thrombopoietin receptor, is an effective treatment in children with immune thrombocytopenia and is now in phase III (Tarantino et al. [@CR74]).

Peptides possess advantages for the development of antitumor drugs, such as high affinity, good solubility properties, low toxicity and immunogenicity, but they also face several practical hurdles, including low oral bioavailability, rapid degradation by proteolytic enzymes, short half-life and poor solubility. Notably, absorption, distribution and metabolism processes play important roles in defining the disposition of a drug candidate. To develop a peptide as an excellent therapeutic agent, many strategies are employed to overcome the limitations. They include (I) optimizing chemical structures (cyclization, bioisosteric replacement of peptide bonds, changing the stereochemistry of an amino acid) to increase stability, bioavailability and sensitivity (Belhadj et al. [@CR4]; Ying et al. [@CR86]), (II) producing prodrugs and analogs of biologicals to protect the peptide from degradation (Morishita and Peppas [@CR60]), (III) using transport-carrier molecules to introduce novel functionality to improve absorption of the peptide (Khafagy el and Morishita [@CR29]), (IV) [d]{.smallcaps}-amino acids substitution to enhance therapeutic effects (Tada et al. [@CR73]), and (V) adding polyethylene glycol, human serum albumin, or Fc fragment of human IgG to increase circulation time of the peptide (Li et al. [@CR49]).

Conclusion {#Sec10}
==========

Phage displayed peptide library has been proved an effective and powerful method that allows vast sequence screening and tumor binding peptides identifying. A complete workflow of phage display screen is illustrated in Fig. [2](#Fig2){ref-type="fig"}. In recent years, peptides have been labeled with radionuclides, fluorophores or conjugated with nanoparticles for the imaging of a range of tumors to improve early detection or response to therapy. Some can also be modified for pharmaceutical targeting therapy to facilitate the clinical efficacy of chemotherapy in the treatment and offer new opportunities for cancer prevention. Fig. 2A complete workflow of phage display screenPeptides own many advantages in clinical applications, however, identification of a peptide receptor is more difficult than discovery of a tumor-binding peptide. Some homing peptides are found together with their receptors through yeast two-hybrid, co-immunoprecipitation or affinity chromatography combined with protein mass spectrometry. Intrinsic characteristics of membrane proteins may be responsible for the low identification. Furthermore, specificity of the peptides may emerge not from total protein expression but from a rearrangement of receptors on the cell surface. This information will be lost upon the destruction of structural conformation of membrane proteins for affinity purification. Additionally, it is possible that the receptors may not proteins, but the motifs of phospholipids or carbohydrates located on the cell surface. Besides, the identification is time-consuming, labor-intensive, complex and costly. Hence, if the screening targets are known, further researches can be conducted to validate peptide properties such as effects on cell cycle, cell proliferation, cell migration and apoptosis (Kim et al. [@CR31]). In addition, investigators have already developed an efficient method for screening a large number of peptides in parallel to identify peptide receptors or targeting sites, which was termed as "reverse biopanning" (Ferraro et al. [@CR16]) .

Another concern is that the use of peptide in animals is gaining widespread stability and acceptability, however, the use in humans still faces barriers including immunogenicity and clearance problems. Therefore, further pre-clinical trials and improvements should be hold to overcome these problems. Currently, the combination of peptide and nanopraticles may provide an attractive approach because of superior properties of nanoparticles such as better tumor penetrating ability, high sensitivity, super capability to carry therapeutic agents, and high quality of imaging information.

Taken together, the advent of peptide and nanomaterial technologies provides the new approaches to design and analyze biologically active molecules rapidly. These molecules take important potential to be used for tumor imaging diagnosis and targeting therapy. The current studies combining targeting peptide and nanomaterial are not tried enough to induce practically useful products for tumor early detection and targeting therapy, so a lot of effort is still in need for further research.
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